ABSTRACT: Two 2 × 2 factorial experiments were conducted to investigate the interaction between xylanase (0 vs. 200 mg/kg) and protease (0 vs. 200 mg/ kg) enzyme supplementation on growth performance (Exp. 1) and coeffi cient of ileal and total tract apparent digestibility in grower-fi nisher pigs (Exp. 2). One hundred and twenty-eight individual fed pigs (BW = 34.2 kg; n = 32) were assigned to 1 of 4 dietary treatments: basal diet (T1), T1 + xylanase enzyme (T2), T1 + protease enzyme (T3), or T1 + xylanase + protease enzymes (T4). The pigs offered diets containing protease enzymes had reduced daily gain (0.795 vs. 0.840 kg/d; P < 0.05) and fi nal body weight (96.4 vs. 99.1 kg; P < 0.05) compared to pigs offered diets without protease enzymes. Pigs offered xylanase-supplemented diets had reduced daily gain (0.787 vs. 0.848 kg/d; P < 0.05) compared to pigs offered diets without xylanase enzymes. In Exp. 2, the nutrient digestibility experiment consisted of 24 intact male pigs (n = 6; BW = 78 kg), offered identical diets to that offered in Exp. 1. Following the fecal collections, the pigs were slaughtered and digesta samples were taken from the ileum in order to measure apparent ileal N and GE digestibilities. Pigs offered diets supplemented with protease had increased coeffi cients of ileal digestibility of N compared to pigs offered diets without protease supplementation (0.583 vs. 0.449; P < 0.05). There was a xylanase × protease interaction (P < 0.05) on the apparent ileal digestibility of GE. Pigs offered diets containing protease only had increased apparent ileal digestibility of GE compared to basal fed pigs; however, the ileal digestibility of GE decreased when protease was combined with xylanase. Neither xylanase nor protease enzymes had any effect on total tract digestibility of GE or N. In conclusion, xylanase and protease enzyme supplementation had no positive effects on grower-fi nisher pig performance.
INTRODUCTION
Traditionally, cereals and soybean (Glycine max) meal have provided the principal ingredient source supplying energy and protein in pig diet. However, other agro-industrial feedstuffs such as rape (Brassica napus) seed meal (RSM) and wheat (Triticum aestivum) dried distiller grains with solubles (DDGS) are available, which could present an alternative and more economical source of dietary protein and energy. In comparison with wheat, inclusion of DDGS has previously been associated with low protein quality, reduced amino acid digestibility, and increased fi ber content, characteristics that have dissuaded the application of this feed ingredient in dietary formulation (Stein and Shurson, 2009 ). Similar to DDGS, compromised nutrient digestibility in RSM may be attributed to elevated levels of fi brous components and antinutritional factors. Dietary supplementation of exogenous enzymes such as xylanase may hydrolyze the main nonstarch polysaccharide and thereby improve energy use by the pig whereas protease would work by complementing the animal's own digestive system by hydrolyzing certain types of protein that are resistant to endogenous secretory enzymes. The objective of the current study is to examine the effects of xylanase and protease supplementation on growth performance and apparent total tract and ileal digestibility of N and GE in fi nishing pigs fed RSM-and DDGS-based diets.
MATERIALS AND METHODS
All procedures described in this experiment complied with all relevant legislation regarding the protection of animals and were approved by the Animal Research Ethics Committee at University College Dublin.
Experimental Design and Treatments
Experiments 1 and 2 were designed as a 2 × 2 factorial comprising 4 dietary treatments. The experimental treatments were as follows: basal diet (T1), T1 + xylanase enzyme (T2), T1 + protease enzyme (T3), and T1 + xylanase + protease enzyme (T4). The basal diet contained wheat distillers (300 g/kg), rapeseed meal (210 g/kg), wheat (310 g/kg), barley (Hordeum vulgare) (135 g/kg), soya oil (20 g/kg), and minerals and vitamins (25 g/kg). The xylanase enzyme (Ronozyme WX) contained 1000 fungal xylanase units/g of enzyme concentrate and was included at 200 mg/kg in the diet. The protease enzyme (Ronozyme ProAct) contained 75,000 protease units/g and was included at 200 mg/kg in the diet. Experimental diets were formulated to contain similar concentrations of standardized ileal digestible lysine (8.8 g/kg) and net energy (10.2 MJ/kg). All diets were fed in meal form.
Performance Study
One hundred and twenty-eight individually fed pigs [progeny of Landrace × (Large white sows × Meat-line boars)] with an initial weight of 34.2 ± 2.1 kg were used in 2 replicates (n = 32). The pigs were penned in mixed gender groups of 16 and were stocked at 0.80 m 2 per pig. Animals were individually weighed at the start of the experiment and subsequently weighed on day 28 and on the day of slaughter (day 74). The pens were equipped with single-space computerized feeders (Mastleistungsprufung MLP-RAP; Schauer Agrotronic AG, Sursee, Switzerland). Pigs were removed for slaughter when the pen average weight exceeded 100 kg.
Digestibility Studies
Twenty-four fi nishing boars (78 ± 2.3 kg) were blocked based on BW and assigned to 1 of 4 experimental treatments. After a 14-d dietary adaptation period, the pigs were transferred to individual metabolism crates. The pigs were allocated 5 d to adapt to the metabolism crates before the fecal collection commenced. Following a 5-d fecal collection, the pigs were slaughtered and digesta samples were taken from the ileum in order to measure apparent ileal N and GE digestibilities using the acid insoluble ash technique (McCarthy et al., 1977) .
Laboratory Analysis of Samples
The proximate analysis of diets and feces for DM and ash were carried out according to Association of Offi cial Analytical Chemists (1995) methods. The DM of the diets and feces were determined after drying for 24 h at 100°C. The GE of diets, digesta, and feces samples were determined using an adiabatic bomb calorimeter (Parr Instruments, Moline, IL). The N concentrations of diets were determined using a Leco FP 528 instrument (Leco Instruments UK Ltd., Cheshire, UK). The N concentration of fresh digesta and feces was analyzed by the macro-Kjeldahl technique using a Buchi digestion and distillation apparatus (Buchi, Flawil, Switzerland).
Statistical Analysis
The data was analyzed using the general linear model procedure of SAS (Statistical Analysis System, Inc. Cary, NC). The model used included the effect of protease enzyme, xylanase enzyme, run number, and the associated 2-way interaction between protease and xylanase. The individual pig served as the experimental unit in both studies. 
RESULTS

Performance and Carcass Characteristics
There was no interaction (P > 0.05) between protease enzyme and xylanase enzyme on ADFI, ADG, and feed conversion ratio (FCR). Pigs offered proteasesupplemented diets had a lower ADFI during the grower period (days 0 to 28) compared to pigs offered diets without protease inclusion (1.87 vs. 2.00 kg/d; SEM 0.055; P < 0.05). The protease-supplemented pigs had a reduced ADG (0.795 vs. 0.840 kg/d; SEM 0.024; P < 0.05) from day 0 to slaughter and fi nal body weight (96.4 vs. 99.1 kg; SEM 0.85; P < 0.05) compared to pigs offered diets without protease enzymes. Pigs offered xylanasesupplemented diets had reduced daily gain from day 28 to slaughter (0.825 vs. 0.884 kg/d; SEM 0.0170; P < 0.05) and from day 0 to slaughter (0.787 vs. 0.848 kg/d; SEM 0.0160; P < 0.05) compared to pigs offered diets without xylanase. The inclusion of exogenous protease and xylanase enzymes had no effect on FCR.
Pigs offered diets supplemented with protease had increased coeffi cients of ileal digestibility of N compared to pigs offered diets without protease supplementation (0.583 vs. 0.449; SEM 0.005; P > 0.05). There was a xylanase × protease interaction (P < 0.05) on the apparent ileal digestibility of GE (Table 1) . Pigs offered diets containing protease only had increased ileal digestibility of GE compared to basal fed pigs; however, the ileal digestibility of GE decreased when protease was combined with xylanase. Neither xylanase nor protease enzymes had any effect on total tract digestibility of GE or N.
DISCUSSION
In the current experiment, neither xylanase nor protease enzyme supplementation had any positive effects on grower-fi nisher pig performance. The use of protease enzyme alone increased the ileal N digestibility of the diet. Despite the increase in ileal N digestibility, the inclusion of protease led to a reduction in ADG during the growing and fi nishing period. This decrease in ADG was mainly due to a reduction in feed intake during the growing period. The breakdown of the diet and the resulting products might explain the reduced intake. The extra released nutrients might trigger a feedback mechanism to reduce feed intake as a result of a glucostatic or aminostatic responses or may create a nutrient imbalance within the gastrointestinal tract of the pig. Both scenarios would combine improved nutrient digestibility with a lowered intake, as was observed with protease supplementation. In the current experiment, the inclusion of xylanase with protease resulted in signifi cant reductions in GE digestibility. The inclusion of xylanase led to a signifi cant reduction in ADG during the grower and fi nisher period. This decrease in ADG was mainly due to a numerical reduction in feed intake. The breakdown of the diet and the resulting products might explain the reduced feed intake and again these may be glucostatic or aminostatic responses. However, the results of this study would suggest that bacterial fermentation may be as benefi cial as using exogenous xylanase with DDGS and RSM in the diet. In conclusion, neither xylanase nor protease had any positive effects on grower fi nisher pig performance.
